To determine the number of genetic factors underlying the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) criteria for alcohol dependence (AD), we conducted structural equation twin modeling for seven AD criteria, plus two summary screening questions, in 7133 personally interviewed male and female twins from the Virginia Adult Twin Study of Psychiatric and Substance Use Disorders, who reported lifetime alcohol consumption. The best-fit twin model required three genetic and two unique environmental common factors, and criterion-specific unique environmental factors. The first genetic factor was defined by high loadings for the probe question about quantity and frequency of alcohol consumption, and tolerance criterion. The second genetic factor loaded strongly on the probe question about self-recognition of alcohol-related problems and AD criteria for loss of control, desire to quit, preoccupation and activities given up. The third genetic factor had high loadings for withdrawal and continued use despite the problems criteria. Genetic factor scores derived from these three factors differentially predicted patterns of comorbidity, educational status and other historical/clinical features of AD. The DSM-IV syndrome of AD does not reflect a single dimension of genetic liability, rather, these criteria reflect three underlying dimensions that index risk for: (i) tolerance and heavy use; (ii) loss of control with alcohol associated social dysfunction and (iii) withdrawal and continued use despite problems. While tentative and in need of replication, these results, consistent with the rodent literature, were validated by examining predictions of the genetic factor scores and have implications for gene-finding efforts in AD.
Introduction
Alcohol dependence (AD) in the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) describes a complex syndrome characterized by neurobiological, cognitive/motivational and behavioral/social symptoms. Adoption [1] [2] [3] [4] and twin studies [5] [6] [7] [8] [9] [10] [11] have consistently shown that genetic factors impact substantially on risk for AD. A number of efforts are now under way to identify risk genes for AD by linkage 12 and genome-wide association. [13] [14] [15] The conceptual basis of these studies is that the DSM-IV syndrome of AD reflects a single dimension of genetic risk. As results from a number of studies suggested that the DSM-IV AD criteria form a single coherent phenotypic factor, [16] [17] [18] the structure of the genetic risk factors for AD has not been previously examined. Multiple genetic risk factors might be expected because in rodent studies of genetic influences on a wide range of alcohol-related traits suggest that genetic contributions to each are either largely distinct or only weakly correlated. 19, 20 In this study, using data collected from 7548 adult male and female twins from the Virginia Adult Twin Study of Psychiatric and Substance Use Disorders (VATSPSUD), 21 we perform a multivariate analysis of the seven individual DSM-IV criteria for AD. Our goal is to determine the structure of the genetic risk factors for AD.
Sample
Participants in this study derived from two interrelated studies of Caucasian same-sex twin pairs participated in VATSPSUD. 21 All subjects were ascertained from the population-based Virginia Twin Registry formed from a systematic review of birth certificates in the Commonwealth of Virginia. Femalefemale (FF) twin pairs, born from 1934-1974, were eligible if both members responded to a mailed questionnaire in [1987] [1988] . Reports on symptoms of lifetime AD used in this report were collected at the fourth interview wave (FF4), conducted in 1995-1997 with cooperation in earlier waves ranging from 88 to 92%. 21 For this wave, we succeeded in interviewing 85% of eligible twins. Data on the male-male and male-female pairs (MMMF) came from a sample (birth years ) with a 72% cooperation rate, initially ascertained directly from registry records containing all twin births. The first interview (MMMF1) was completed largely through phone in 1993-1996 and was followed by a second wave of interviews (MMMF2), conducted in 1994-1998, with a response rate of 83%. Data on symptoms of AD were used from the MMMF2 wave.
Zygosity was determined by discriminate function analyses using standard twin questions validated against DNA genotyping in 496 pairs. 22 The mean (s.d.) age and years of education of the twins were 36.3 (8.2) and 14.3 (2.2) at the FF4 interview, and 37.0 (9.1) and 13.6 (2.6) at the MMMF2 interview.
We used in these analyses data from 7548 twins, including both members of 3089 pairs (503 monozygotic (MZ) FF, 330 dizygotic (DZ) FF, 707 MZ MM, 491 DZ MM, and 1058 opposite sex DZ pairs) and 1395 twins without their co-twin. (These numbers do not exactly sum because we counted all possible pairs in our triplets and quadruplets).
The AD section of our interview was adapted from the Structured Clinical Interview for DSM disorders (SCID) 23 and modified to include expanded screening questions and DSM-IV criteria.
The human subject committees at Virginia Commonwealth University approved this project. Written informed consent was obtained before face-to-face interviews and verbal consent before phone interviews. Interviewers had a master's degree in a mental health-related field or a bachelor's degree in this area and two years of clinical experience. At each wave, members of a twin pair were interviewed by different interviewers who were blind to clinical information about the co-twin.
Statistical methods
The twin models decompose the sources of individual differences in liability to AD into three components: additive genetic effects (A), shared family environment (C) and unique environment (E). 24 Shared environment reflects family and community experiences that increase similarity in siblings who are raised together. Unique environment includes both environmental experiences not shared by siblings and random measurement error.
Our multivariate twin models estimate the degree to which genetic and environmental influences are shared across the seven DSM-IV AD criteria (and the two 'screening criteria' that determined if subjects were administered the alcohol section of the interview), versus those specific to each individual criterion. This is done by including in the model genetic and environmental common factors that influence risk for more than one criterion as well as criterion-specific influences.
Independent-pathway structural equation twin models were fitted using the full information by maximum likelihood method in Mx. 25 We tested for both quantitative sex effects (that is, is the magnitude of genetic influences different in men and women?) and qualitative sex effects (that is, do the same genetic factors influence risk to AD in the two sexes?).
To obtain unbiased population-based parameter estimates, the model had to take into account the structure of the interview through which individuals were either selected into or skipped out of the AD section. Two additional binary items were created to encode our AD screening procedure. The first criterion, termed 'excess quantity/frequency,' was coded positive for individuals who were skipped into the AD section because they admitted that they consumed on a single day at least 13 drinks (for males) or 7 drinks (for females); or who reported at least a 4-week period of drinking X7 drinks per week (males) or X4 drinks per week (females). The second, termed 'Perception of Alcohol Problem', required a positive response to at least one of three questions: Has there ever been: (i) a time in your life when you drank too much? (ii) A period in your life when someone else objected to your drinking? (iii) A period in your life when you would drink instead of working or spending time with hobbies, family or friends? Subjects who were negative to all these screening criteria were skipped out of the alcohol section and no data were recorded on the presence of absence of individual AD criteria. The full information for maximum likelihood method implemented in Mx makes use of all the available twin information, and can provide asymptotically unbiased parameters when selection items are included and missingness can be assumed to be 'at random.' 26 Mx optimizations were performed using both the try hard option and different starting values to reduce the possibility that a solution found was local rather than global minimum.
We began our model fitting with a basic 1-1-1 model with specifics (where the first, second and third numbers reflect the number of genetic, shared environmental and unique environmental common factors). We then tested for quantitative and qualitative sex effects. Then, we sought to simplify the resulting model by deleting one by one all the common factors, and then the criterion-specific genetic and common environmental effects. (We did not attempt to eliminate the criteria-specific unique environmental effects as these include errors of measurement and it would be unrealistic to set these parameters to zero). Next, we made the model progressively more complex, whereas systematically searching at each step to find a 'best-fitting' model.
Our goal was to find the model that reflected the optimal balance between parsimony and explanatory power. This goal can be operationalized, for example, by Akaike's information criterion (AIC), 27 ,28 which equals w 2 -2df where df equals the difference in the degrees of freedom of the two models. We seek to minimize the AIC value. After determining a bestfitting model based on AIC, the Mx estimated factor loadings for this model were extracted and rotated in SAS 29 using a Varimax rotation criterion to improve interpretability.
Maximum likelihood genetic factor scores were estimated by computing the conditional likelihood of the twin pairs' item responses, weighted by the joint likelihood of the factor score estimates. This is an application of Bayes' theorem, in which the joint likelihood p(F,R), of the factor scores F and the item responses R, is evaluated as p(R|F)p(F). This factor score model was iteratively fitted, separately for each of the five different zygosity/sex groups, to each twin pair's raw data to estimate genetic factor scores for each individual. To validate the genetic factors found in our best-fit twin model, we used these genetic factor scores to predict a representative group of variables unrelated to the DSM AD criteria. These measures included: one representative internalizing disorder and two representative externalizing psychiatric disorders known to be comorbid with AD; [30] [31] [32] [33] other critical clinical and historical features of alcohol use and problems and years of education (as an index of social class), which is known to be associated with AD. 34 To determine if the genetic factor scores differed from each other in their prediction of the external validators, two regression analyses were performed. First, separate regressions were conducted to examine the pattern of differences in prediction for each validator. Second, a model constraining the three genetic regression coefficients to be equal within each validator variable was specified. As the outcome variables were binary or ordinal (or rescaled to be ordinal), the robust weighted least squares mean and variance adjusted estimator in Mplus version 6.0 35 was used to optimize models. This model estimates probit regression coefficients for each of the genetic factor scores. As the estimated genetic factor scores are calibrated on a uniform standard scale, the effect size units are more readily interpretable when comparing coefficients.
Results

Sample
The full sample (N = 7548) consisted of 55.8% males (mean age = 37.1, s.d. = 9.1) and 44.2% females (mean = 36.5, s.d. = 8.5), 5.5% of whom (N = 415) reported never having tried alcohol in their life. These subjects were excluded from all subsequent analyses so that our functional sample was n = 7133. An additional 3204 of the twins did not meet any of the screening criteria required to be given the full alcohol interview section and were therefore 'skipped out.' These subjects, however, were included in the analyses with values on the dependence criteria set to zero (that is, structurally missing). A total of 18.8% of the sample (N = 1416) met criteria for DSM-IV AD. The mean age at first drink for those meeting DSM-IV AD criteria was 14.7 (s.d. = 3.2).
Of the alcohol consuming subjects, 46.4% and 41% endorsed the first (excess quantity-frequency) and the second (perception of problem) screening criteria, respectively. Table 1 shows the proportion of the subjects in the alcohol consuming sample and in those that screened into the AD section, who endorsed each of the DSM-IV AD criteria. 'Loss of control' was the most frequently used and, 'despite problems', was the least frequently endorsed criterion.
Twin model fitting
We began with a baseline 111_111 model containing one common genetic, one common shared environmental and one common unique environmental factor as well as criterion-specific genetic, shared environmental and unique environmental factors (model 1 in Table 2 ). The results for all other models in Table 2 (Dw 2 , Ddf and D AIC) were calculated relative to model 1. In this baseline model, thresholds were allowed to differ between the sexes, but no quantitative or qualitative sex effects were present. Models 2 and 3 introduced, respectively, quantitative and qualitative sex effects. Compared with model 1, the AIC of model 2 deteriorated but that of model 3 was improved. Therefore, all subsequent model fitting included both qualitative sex effects and thresholds that differed between men and women. In models 4, 5 and 6 we set, respectively, all shared environmental, genetic and both genetic and shared environmental criterion-specific effects to zero. Model 6 clearly fits best by AIC, indicating that no criteria-specific genetic or familial environmental effects were needed in this model. Models 7, 8 and 9 set to zero, respectively, the single shared environmental, genetic and individualspecific environmental common factors. Models 8 The DSM-IV criteria for alcohol dependence KS Kendler et al and 9 fitted very poorly, indicating the need for genetic and individual-specific influences common to all the AD criteria. Surprisingly-given prior evidence of the absence of shared environmental effects for AD as a categorical diagnosis in this sample 10, 11, 36 -model 7 also fitted more poorly than model 6, suggesting the importance of shared environmental effects.
Working from model 6, we then tested, in #10, 11 and 12 with, respectively, a second genetic, shared environmental and unique environmental common factor. Of those three models, #10 fits the best by AIC by a wide margin, suggesting the existence of multiple genetic factors for the AD criteria.
We then examined models that added to model 10 a third genetic factor (#13), a second shared environmental factor (#14) or a second unique environmental factor (#15). Model 15 fits best, suggesting the need for multiple individual-specific environmental factors to explain the data.
Working from model 15, we then added a third genetic factor (#16), a second shared environmental factor (#17) or a third unique environmental factor (#18). Of these three models, model 16 fits best by a substantial margin.
At this point in the model fitting, we returned to examine the need for a shared environmental common factor. Perhaps the poor fit for model 7 reflected the need for more than one familial factor (that is, genetic or shared environmental) to explain the pattern of findings for the AD criteria rather than more specifically the need for a shared environmental common factor. Indeed, in the presence of multiple genetic factors, when we dropped the shared environmental common factor from model 16 to produce model 19, we saw less than a unit change in the À2 log likelihood and a substantial improvement in the AIC.
We tried to simplify model 19 by reducing either the number of genetic (#20) or unique environmental (#21) common factors, but the AIC deteriorated considerably for both these models. We added to model 19 a third individual-specific environmental common factor (#22) and that also failed to improve the fit. Finally, we also added to model 19 a fourth genetic factor (#23). This also did not improve the AIC. Model 19 was clearly our best-fit model.
Both shared environmental (c 2 ) common and criteria-specific factors were eliminated early in model fitting. Perhaps this was premature and c 2 variation would contribute meaningfully to our bestfit model. A model with an additional shared environmental common factor (model 16) did not improve the AIC. However, we added shared environmental criteria-specific loadings to our best-fit model (to make model 24) and to model 16 (to make model 25). Neither of these additions improved upon our best-fit model.
Results of best-fit model
The parameter estimates for model 19 are depicted in Figure 1 . Focusing first on the three genetic common factors, factor 1 had the highest loadings for the probe questions about quantity and frequency of alcohol consumption, and on the tolerance criterion. We therefore called this factor: tolerance/excess drinking. The second genetic factor loaded most strongly on the probe questions reflecting perception of having an alcohol problem and on the criteria for loss of control, desire to quit, preoccupation and activities given up. We called this factor: loss of control/social dysfunction. The highest loadings on the third genetic factor were for the withdrawal and continued use despite 
Abbreviations: A, additive genetic effects; AIC, Akaike's information criterion; C, shared family environment, df, degrees of freedom; E, individual specific environment; Qual, Qualitative genetic effects; Quant, quantitative genetic effects. a Best-fit model. The subscript 'C' stands for 'common'. So A C reflects the number of genetic common factors. The subscript 'S' stands for criterion-specific. So C S reflects whether criterionspecific shared environmental factors are included in the model (indicated by a '1' in the Table) or they are absent in the model (indicated by a '0' in the Table) . For all models, thresholds are allowed to differ between sexes. Model 1 had a À2 log likelihood = 38 612.0, df = 42 267 and 72 estimated parameters.
problems criteria. We labeled this factor: withdrawal/ continued use. Table 3 provides a more detailed examination of the results for the genetic risk factors in our best-fit model. The heritability of the individual AD criteria ranged from 36% (for 'desire to quit') to 59% (for preoccupation). The two stem items were also substantially heritable. Table 3 also presents the percentages of the total heritability of each criterion attributable to each of the three genetic common factors. For the two stem items, and five of the seven criteria, one factor clearly provides the bulk of the heritable variance. For two of the criteria, the results are less clear. Interestingly, the preoccupation criterion has very similar contributions from the factor 1 (tolerance/excess drinking) and factor 2 (loss of control/social dysfunction), whereas the 'activities given up' criterion has only a moderately stronger contribution from factor 2 than from factor 3 (withdrawal/continued use).
The pattern of loadings for the two unique environmental common factors was less distinct. Factor 1 was characterized by similarly high loadings for four of the AD criteria ('tolerance', 'withdrawal', 'loss of control' and 'desire to quit'), whereas the 'perception of problems' stem and 'activities given up' criteria had a stronger relationship to factor 2.
Validation of the genetic factor scores Based on our results from overall models and utilizing information from both the twin and the cotwin, we estimated the level of genetic liability for all subjects in our sample for each of the three identified genetic factors. Figure 2 shows the distribution of scores on these scores for all subjects in the sample meeting AD criteria. Substantial variation is seen in all three factors, which are, as expected, only weakly inter-correlated.
We then examined whether these resulting genetic factor scores differentially predicted a representative Figure 1 Parameter estimates from the best-fit multivariate twin model applied to the DSM-IV criteria for alcohol dependence. Three genetic and two individual-specific environmental common factors were identified, as well as individual-specific environmental factors unique to each criterion. The strongest genetic loading on each criterion is highlighted in blue. E for individual-specific environmental effects. Subscript numbers refer to common factors (for example, E 1 refers to the first individual-specific environmental common factor), whereas subscript numbers following the letter 'S' (for specific) refers to criteria-specific factors (for example, E S1 refers to the individual environmental effects specific to the first criterion). Squares are observed variables and circles/ovals are latent variables.
The DSM-IV criteria for alcohol dependence KS Kendler et al set of external validators. If these three genetic factors reflected different aspects of the liability to AD, we reasoned that they should differ from one other in their ability to predict important variables that had no role in the assignment of the DSM AD criteria. Results are presented in Table 4 . We began by analyzing AD itself as a baseline against which the other eight variables could be judged. The three factors differed significantly in their prediction of AD, with the strongest association with the second genetic factor (loss of control/social dysfunction), and the weakest with the first, or tolerance/excess drinking genetic factor. These results are expected in the first, second and third genetic factor that have strong loadings on, respectively, one, four and two of the DSM-IV criteria for AD. Of the eight external variables examined (Table 4) , the three genetic factor scores differed significantly in the magnitude of their prediction for all factors but one, and for that one (conduct disorder symptoms) they differed at a trend level.
The pattern of results is of interest. The tolerance/ excess drinking genetic factor most strongly predicted age at first drink and maximal drinks. The loss of control/social dysfunction genetic factor more strongly predicted conduct disorder symptoms, major depression, cannabis dependence, treatment seeking and fewer years of education. The withdrawal/ continued use genetic factor was the only factor unrelated to years of education, and predicted conduct disorder symptoms nearly as strongly as factor 2. The results for number of episodes were of particular interest-as this was relatively strongly predicted by the loss of control/social dysfunction genetic factor but unrelated to the levels of the two other genetic factors.
Comment
The major goal of this report was to determine the structure of the genetic risk factors for the DSM-IV diagnostic criteria for AD. Three genetic factors were required to explain the pattern of occurrence of individual DSM-IV criteria for AD in male and female alcohol-consuming MZ and DZ twin pairs from a population-based register. We labeled these three genetic factors: tolerance/excess drinking, loss of control/social dysfunction, and withdrawal and continued use.
We also assessed whether the three genetic factor scores underlying AD were differentially associated with putative external validators. The three factors differed significantly in their prediction of nearly all Figure 2 The location in three-dimensional space defined by scores on the three genetic factors (factor 1-excess drinking and tolerance; factor 2-loss of control and social dysfunction; factor 3-withdrawal and continued use) of all individuals in the study meeting DSM-IV criteria for alcohol dependence. Circles indicate females and squares males. Table 3 The total heritability of each screening item and each DSM-IV criterion for alcohol dependence and the proportion of the heritability due to the three common genetic factors Bold values indicates when one factor was clearly the major contributor to the heritability of the individual criterion or screening item. Italic values indicates when two factors made major contributions to the heritability of the individual criterion or screening item.
of these validators and formed a coherent pattern of associations. The loss of control/social dysfunction genetic factor was most strongly related to other psychopathology and treatment seeking for AD, whereas the tolerance/excess drinking factor predicted age of drinking onset and maximum daily consumption. Their ability to differentially predict a set of relevant external validators supports the validity of these three genetic factors. Congruent with our previous findings in this sample, when AD was analyzed as a dichotomous trait, 36 we detected evidence for qualitative but not quantitative sex effects-meaning that the magnitude of genetic influences on AD criteria was equal for men and women, but that the genetic sources of liability were partially, but not completely, overlapping in the two sexes.
Our findings do not fit closely into the large prior literature on AD typologies [37] [38] [39] [40] for two reasons. First, our modeling focused solely on the clinical criteria for AD. Other features of AD not examined here (for example, comorbidities, age at onset, course of illness, and personality type) typically have a prominent role in prior typologies. Second, typological analysis is person-focused, sorting affected individuals into different subgroups. Our analyses were criteria-focused, determining how different criteria for AUDs clustered together in alcohol consuming individuals.
Some might find it surprising that we detected evidence for multiple genetic dimensions for DSM-IV AD given the prior consistent evidence for the unidimensionality of the AD syndrome. [16] [17] [18] These results suggest the problems inherent in extrapolating from the phenotypic structure of a diagnostic category to the underlying structure of its genetic risk factors.
To our knowledge, this is one of the first demonstrations that DSM criteria for a major psychiatric disorder may be genetically complex and reflect multiple dimensions of liability. Such results are, however, not surprising given that DSM disorders reflect clinical-historical syndromes of unknown etiology rather than discrete pathophysiologically defined diseases.
What parallels can be drawn between our results and the extensive rodent literature on genetic influences on alcohol-related traits? 41, 42 It is difficult to determine definitively how many of the DSM-IV AD criteria can be meaningfully measured in rodents. As some (for example, 'a persistent desire y to cut down') clearly cannot, 43 two DSM-IV AD criteriatolerance and withdrawal-can be evaluated in rodents using methods broadly congruent with the human phenotypes. 43, 44 An examination of Figure 1 would lead to the prediction that if rodents are like humans, the relationship between genetic risk factors for tolerance and withdrawal should be modest and positive. As the two criteria do not load strongly on the same common factor, they both have positive loadings on all three factors.
The relationship between genetic liability to alcohol tolerance and alcohol withdrawal has been evaluated in rodents in three ways (see ref. 45 for a detailed review). First, two pairs of mouse lines have been selectively bred to be sensitive to alcohol withdrawal, as measured by the emergence of mild or severe handling-induced convulsions after a period of chronic alcohol vapor inhalation. 46 Despite a more than 10-fold difference in alcohol withdrawal severity in the withdrawal seizure-prone and -resistant selected lines, these lines do not differ in the magnitude of their ethanol tolerance, as assessed by chronic ethanol-induced hypothermia or by loss of righting reflex duration. 47 Second, the correlation between mean strain values for alcohol tolerance and withdrawal severity has been assessed in a range of inbred mouse strains. Acute alcohol withdrawal severity 48 did not correlate significantly across these inbred strains with the magnitude of tolerance to ethanol hypothermia 49 or to the duration of loss of righting reflex. 50 Third, 20-27 recombinant inbred strains created from the DBA/2J and C57BL/6J mouse strains have been examined for several phenotypes that reflect alcohol tolerance and severity of withdrawal. Severity of acute withdrawal (Metten and Belknap, unpublished data) was not correlated significantly with tolerance to ethanol-induced hypothermia, 51, 52 ataxia in the grid test, 53 or two different measures of acute functional tolerance on a dowel balancing test. 54, 55 For chronic withdrawal, however, there were significant positive correlations with both dowel test tolerance outcomes but not with the other measures of tolerance. In summary, across the three approaches that have examined this question, the rodent literature is congruent with our findings in humans that genetic risk factors for tolerance to alcohol and alcohol-induced withdrawal are weakly inter-related. 45 
Limitations
These results should be interpreted in the context of seven major methodological limitations. First, these twins were all white and born in Virginia. Whether these results would be replicated in other samples remains to be seen. Second, as the AIC performs well in simulations at identifying the true model, 28 a variety of other fit indices for structural models have been proposed. Whereas correlated, their performance is not identical. The current version of Mx produces three additional indices: the Bayesian Information Criterion (BIC), 56 the sample size adjusted BIC (aBIC) 57 and the Deviance Information Criterion (DIC). 58 Of all the models we examined (Table 2) , the model that fits best by AIC (#19) also produced the best value for the aBIC and the DIC, and the second best-fit (by a single unit) for the BIC. Thus our conclusion that model 19 reflected the best balance of parsimony and explanatory power was not a result of idiosyncratic features of our preferred fit index-the AIC.
Third, to obtain unbiased parameter estimates, we needed to include the screening items to 'correct' for those missing individuals who were skipped out of the AD interview section. This reflects an inherent problem in the diagnosis of AD, as many of the questions assessing AD criteria are inappropriate for individuals who are only social drinkers. We cannot rule out the possibility that our modeling results might have differed had we used a different set of screening items.
Fourth, our assessment was solely by self-report and we cannot rule out the possibility that our results were influenced by poor or biased recall. However, prior analyses in this sample, including both self and co-twin reports, indicated that self-report diagnoses of AD assessed the 'latent' liability to AD with substantial accuracy. 59 Fifth, as pointed out by Lessov et al, 60 correlated measurement errors could bias our parameter estimates. To examine this possibility, we replaced in our best-fit model the two unique environmentalcommon factors, with a triangular decomposition (Cholesky) model as per Lessov. 60 Inconsistent with the hypothesis that our results were biased, the fit of this Cholesky was much worse than our best-fit model by AIC, BIC, aBIC and DIC criteria.
Sixth, the total number of items available (seven criteria and two screening items) is small to define multiple factors. This may result in reduced crosssample stability and further emphasizes the need for replication of these findings.
Finally, despite much effort it was not, for technical reasons, possible to obtain 95% confidence intervals on all the parameters in our best-fit model. Plausible confidence intervals were obtainable by permutation for the first genetic factor and the criterion-specific environmental loadings. As expected, these parameters were known with modest accuracy, with a mean span of confidence intervals of 0.25 and 0.19, respectively.
Conclusion
These results, as tentative and in need of replication, if correct have implication for efforts to study genetic risk factors for AD. Prior twin or adoption studies have looked at the magnitude of aggregate genetic effects, developmental processes or patterns of comorbidity assuming that AD reflected a single dimension of genetic liability. These results will need to be reconsidered in light of evidence for multiple genetic factors underlying AD. Molecular genetic studies-particularly candidate gene and genomewide association studies-have similarly focused almost exclusively on the comparison with subjects meeting the criteria for AD with matched controls. If correct, the results reviewed herein suggest that this approach would be at best inefficient. Cases and controls would likely differ on three relatively independent dimensions of genetic risk with the pattern and degree of difference varying considerably across individuals. As these results need replication before they should lead to widespread changes in analytic strategy, they highlight the assumption, widely accepted but rarely tested, that psychiatric and substance use disorders as described by current diagnostic systems reflect a single dimension of genetic risk. This assumption is unwarranted and should not continue to be accepted before being subjected to empirical test.
the National Institute of Health (NIH) and a Grant from the US Department of Veterans Affairs. The NIH and the US Department of Veterans Affairs had no direct role in the design or conduct of the study or in the collection, management, analysis and interpretation of the data, and did not review or approve this manuscript. KSK had full access to all of the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis. Linda Corey, PhD, provided assistance with the ascertainment of twins from the Virginia Twin Registry, now part of the Mid-Atlantic Twin Registry (MATR).
